In this paper, we have addressed the question of the dynamic miscibility in a blend characterized by very different glass-transition temperatures, T g , for the components: poly͑ethylene oxide͒ and poly͑methyl methacrylate͒ ͑PEO/PMMA͒. The combination of quasielastic neutron scattering with isotopic labeling and fully atomistic molecular dynamics simulations has allowed us to selectively investigate the dynamics of the two components in the picosecond-10 nanoseconds scale at temperatures close and above the T g of the blend. The main focus was on the PEO component, i.e., that of the lowest T g , but first we have characterized the dynamics of the other component in the blend and of the pure PEO homopolymer as reference. In the region investigated, the dynamics of PMMA in the blend is strongly affected by the ␣-methyl rotation; an additional process detected in the experimental window 65 K above the blend-T g can be identified as the merged ␣␤ process of this component that shows strong deviations from Gaussian behavior. On the other hand, pure PEO displays entropy driven dynamics up to very large momentum transfers. Such kind of motion seems to freeze when the PEO chains are in the blend. There, we have directly observed a very heterogeneous and moreover confined dynamics for the PEO component. The presence of the hardly moving PMMA matrix leads to the creation of little pockets of mobility where PEO can move. The characteristic size of such confined islands of mobility might be estimated to be of Ϸ1 nm. These findings are corroborated by the simulation study, which has been an essential support and guide in our data analysis procedure.
I. INTRODUCTION
One of the fundamental questions of all polymer based soft matter systems is the way how local friction arises in crowded environments that are chemically heterogeneous. This problem of dynamic miscibility has attracted significant scientific interest recently and experimental information is emerging on a variety of systems ͓1-21͔. Polymers are characterized by a rich multitude of dynamic processes that may extend over more than 15 decades in time or frequency involving various length scales. Apart from vibrations and librational modes, in general polymers display very localized and fast side-group motions ͑e.g., methyl-group rotations͒, localized motions involving the secondary ␤ relaxation and the diffusive segmental motions which are involved in the glass transition ͑␣ relaxation͒. It is generally found that the faster and the more localized the molecular motion takes place the less it is affected by blending. For example, it was recently shown by quasielastic neutron scattering ͑QENS͒ that the methyl-group rotation in poly͑vinyl methyl ether͒/ polystyrene ͑PVME/PS͒ is hardly sensitive to blending ͓22͔. Similar observations were also made for the dielectric ␤ relaxation of PVME in the same system ͓9͔. On the other hand, the structural relaxation, as well as the so-called terminal relaxations, are strongly affected by blending ͑see, e.g., Refs. ͓9,19,20͔͒.
Spectroscopic techniques have usually been employed in order to study these segmental relaxation processes. These experiments resulted in the observation of local heterogeneities. For instance, different magnitudes and temperature dependencies for the dynamics of the different components, different distribution functions and even the observation that one component could exhibit two component relaxation distributions. These observations are very often rationalized in terms of thermally driven concentration fluctuations with spatial regions rich in the component A or B giving rise to environments of different compositions which in turn lead to different glass transition behavior. In all these pictures the length scale of the relevant volume is of key importance. The first model in this direction was proposed by Fischer et al. ͓23,24͔, who started from the Donth model of the glass transition ͓25-27͔, where a cooperative length scale ϰ ͑T − T 0 ͒ −2/3 governs the glass transition ͑T 0 , Vogel-Fulcher temperature͒. The probability for a given concentration fluctuation thereby is related to the structure factor, S͑Q͒. An interpretation of the dielectric spectra in terms of this model as a function of temperature and composition leads to a relevant length scale in the order of 10 nm close to the glasstransition temperature, T g , while the Donth model would require length scales in the order of 2 nm. Kumar et al. ͓28͔ extended this model in so far as they introduced the notion that the cooperative volume itself should depend on the distance from the local Vogel-Fulcher temperature, T − T 0 , that corresponds to a given local concentration, i.e., a characteristic volume rich in the lower T g component has a larger *Electronic address: wapcolej@sc.ehu.es distance to T 0 and therefore is smaller. Again, characteristic lengths in the order of 10 nm result from an interpretation in terms of this model. Finally, Lodge and McLeish ͓29͔ proposed a very simple Ansatz, stating that the relevant length scale for the dynamics in a polymer blend is the Kuhn length of the respective components. No further assumptions on cooperativity effects were made. Local heterogeneities arise from the self-concentration which comes about from the fact that within the volume of a Kuhn length the monomers of a given chain have a higher concentration than on average. With this model McLeish and Lodge were able to describe semiquantitatively the mean component dynamics of a number of miscible polymer blends systems.
In this work, we address the dynamics of the miscible blend of poly͑ethylene oxide͒ and poly͑methyl methacrylate͒ ͑PEO/PMMA͒ by quasielastic neutron scattering ͑NS͒. PEO/ PMMA is a very unusual blend system as it is characterized by a very large difference in the component glass-transition temperatures, T g PMMA = 400 K , T g PEO Ϸ 200 K ͓30,31͔. This system has been studied recently by 1 H NMR revealing the very unusual result that, at 20% blending with PEO at the glass transition of the blend, the PEO segmental dynamics may be up to 9 orders of magnitude faster than that of PMMA ͓7͔. A recent 2 H NMR study ͓20͔ showed that at lower PEO concentration ͑3%͒ this frequency difference increases to even 12 orders of magnitude. The recent studies also found that the PEO dynamics is relatively independent of the PEO concentration and that the relaxation function is very strongly stretched ͑␤ Ϸ 0.3͒. Finally, Sakai et al. ͓21͔ very recently presented quasielastic neutron scattering results on a blend of deuterated PEO and protonated PMMA at 20% PEO volume fraction addressing thereby the PMMA dynamics. They found a shift of time scale in the PMMA dynamics, which corresponds to the shift of the average glass transition temperature in the blend.
In our work, the main emphasis is directed towards the investigation of the dynamics of the fast PEO component in this blend. It was investigated on a material where the PEO fraction was protonated and the PMMA was deuterated. For reference, also pure PEO as well as the PMMA dynamics in the blend in a sample with deuterated PEO and protonated PMMA were studied. These neutron experiments were complemented by molecular dynamics ͑MD͒ simulations that are of invaluable importance for the interpretation of the neutron spectra. We found a significant slowing down of the PEO dynamics in the blend compared to the pure material. We furthermore observed that the fast PEO dynamics in the blend is confined in space to a volume of about 1 nm. This conclusion was reached on the basis of the momentum transfer dependence of the quasielastic spectra. The observation was corroborated by a real space analysis of the MD simulations leading to similar results. The evaluation of the spectral distributions of relaxation times showed that a description in terms of a stretched exponential is not adequate and needs to be replaced by log-normal distribution functions. Again, a detailed comparison with simulations leads to a consistent interpretation. Finally, experiments on the PMMA component in the blend revealed a very important spectral contribution from the ␣-methyl group rotation and showed first PMMA backbone dynamics at 65 K above the blend glass transition temperature, again in good agreement with the MD simulations.
The paper is organized as follows: ͑i͒ First, we describe sample preparation, experimental techniques as well as the simulation approach. ͑ii͒ Then, we present selected experimental and simulation results; ͑iii͒ thereafter these results are analyzed and brought together; and ͑iv͒ finally, the outcome of the analysis is discussed and summarized.
II. EXPERIMENT

A. Samples
The two poly͑methyl methacrylate͒ samples, hPMMA and dPMMA ͑h, protonated; d, deuterated͒, were purchased from Polymer Source Inc., Montreal, Cd. The tacticity of the two samples was specified to be 78% syndiotactic, 2% isotactic, and 20% atactic.
The poly͑ethylene oxide͒ polymers, hPEO and dPEO, were prepared by anionic polymerization in tetrahydrofuran ͑THF͒ at 50°C for 4 days under high vacuum conditions. h 4 EO and d 4 EO ͑CDN-isotopes, Quebec, Cd, 99.8% D͒ were purified twice with calciumhydride, THF with potassium/ benzophenone. As initiator, potassium tert-butoxylate was used for d 4 EO and potassium n-hexoxylate for h 4 EO. The polymerization was terminated with acetic acid. The polymers were precipitated in cyclohexane and dried under vacuum. Thereafter they were characterized by size exclusion chromatography ͑SEC͒ with THF/dimethylacetamide, 90/10 vol/vol, as eluant. The molar masses and polydispersities of all the polymers are given in Table I. For the scattering experiments, three samples were prepared in rectangular aluminium cells by solvent casting from toluene. The first sample was a blend consisting of 25% ͑w / w͒ hPEO in dPMMA. The second sample was the inversely labeled blend dPEO 25% in hPMMA and the third sample was pure hPEO. For each sample a thickness was adjusted according to a calculated transmission value of 90%.
B. Neutron scattering
The neutron intensity scattered into a solid angle between ⍀ and ⍀ + d⍀, after having exchanged an energy between E and E + dE with the sample has an incoherent and a coherent contribution ͓32-35͔. 
where N ␣ is the number of nuclei of kind ␣. In the classical limit, it is the probability of a given nucleus of kind ␣ to be at distance r from the position where it was located at a time t before ͑r ជ i␣ denotes the position of the atom i of kind ␣ and the angle brackets mean thermal average͒. Thus, incoherent scattering looks at correlations between the positions of the same nucleus at different times ͓32-35͔.
The coherent scattering deals with relative positions of atomic pairs, i.e., collective dynamics,
͑2͒
Here, b coh ␣͑␤͒ is the scattering length of isotopes of kind ␣͑␤͒. For t = 0 the incoherent contribution is Q independent and given by inc / ͑4͒͑ inc = ͚ ␣ N ␣ inc ␣ / ͚ ␣ N ␣ ͒ and the coherent contribution reveals the corresponding partial static structure factor, with an asymptotic value for Q → ϱ determined by coh = ͚ ␣ N ␣ coh ␣ / ͚ ␣ N ␣ , where coh ␣ =4͑b coh ␣ ͒ 2 . We note that, as NS spectrometers offer a limited energy resolution, the measured functions are affected by the instrumental resolution function, R͑Q , ͒. R͑Q , ͒ is the obtained spectrum when purely elastic ͑ប =0͒ scattering events take place in the sample ͓i.e., it is the "image" of ␦͔͑͒. It can usually be determined from the scattering of the sample at very low temperature, where all the dynamical processes are frozen. Then, the experimentally accessed quantity is
where I͑Q , ͒ in general contains incoherent and coherent scattering contributions,
S inc ͑Q , ͒ is the averaged incoherent scattering function and S coh ͑Q , ͒ is the normalized coherent scattering function ͑areaϭ1͒.
In the case of protonated polymers, the scattered intensity is generally dominated by the incoherent contributions from the hydrogens in the sample. This is due to the high value of inc H ͑80.27 barns͒ as compared to the other cross sections, inc C,O =0, coh H,C,O Ͻ 5.6 barns. An essential element of NS on soft matter problems is the huge difference between the cross sections of hydrogen and deuterium ͑ inc D = 2.05 barns, coh D = 5.592 barns͒, that allows masking the contribution of some molecular groups or components of the system and following the isolated signal of hydrogens in the sample. For this reason, we have used in this work blends of protonated and deuterated chains in order to investigate the dynamics of the hydrogens in the protonated component ͑see corresponding cross sections in Table I͒ . However, in such mixtures of protonated and deuterated components an important coherent contribution appears at low-Q values due to the contrast between the labeled macromolecules and the matrix, revealing the form factor of the chains.
Diffraction with polarization analysis
Experimentally it is possible to separate the coherent and incoherent contributions to the scattering by using a spin polarized neutron beam and polarization analysis ͑see, e.g., Refs. ͓33,35͔͒. For this purpose, in this work we used the diffuse scattering spectrometer DNS at Jülich, in its diffraction mode ͓36͔. was set to 3.3 Å enabling a range of scattering vectors Q up to 3.34 Å −1 . The experiments were performed at 300 K on both blends and also on the fully deuterated and fully protonated PMMA. The correction for background scattering was done by the measurement of the scattering from the empty cell.
Backscattering
In a backscattering instrument, the energy resolution is optimized by using single crystal diffraction of cold neutrons with Bragg angles close to 180°for monochromatization and energy analysis ͓37͔. In this work, we used the backscattering instrument BSS also at Jülich ͓36͔. The energy window of the experiment was set to −17 eVഛប ഛ 17 eV. Using = 6.271 Å, we accessed 10 different Q values in the range between 0.16 Å −1 and 1.87 Å −1 . The energy resolution was ␦E͑HWHM͒Ϸ0.45 eV for the detectors corresponding to Q Ͼ 0.6 Å −1 and slightly worse for the smaller scattering angles ͑0.7 eV for 0.16 Å −1 ͒. The samples were positioned at 45°with respect to the incident beam. The temperatures investigated were 350, 375, and 400 K for hPEO, from 300 to 400 K each 25 K for the hPEO/dPMMA blend and 350 and 400 K for the dPEO/hPMMA blend. Measuring times were of the order of 20 h. The experimental resolution function was obtained from measurements on each sample at 5 K. Background corrections were performed by subtracting the scattering of the empty cell. The efficiency of the detectors was taken into account by dividing the background corrected spectra by the integrals of the spectra obtained from a highly incoherently scattering sample at 4 K.
III. MD SIMULATIONS
The simulations were carried out by using the Insight ͑In-sight II 4.0.0 P version͒ and the Discover-3 module from Molecular Simulations Inc. ͑now Accelrys͒ with the Polymer Consortium Force Field ͑PCFF͒ ͑detailed information can be found in Refs. ͓38-41͔͒. The model system was built by means of the well-known Amorphous Cell protocol ͓42,43͔. In this work, a cubic cell containing one polymer chain of 23 monomer units of PEO and four identical polymer chains of 25 monomer units each of PMMA with a tacticity degree close to 80% syndiotactic was constructed at 580 K in a cell under periodic boundary conditions, with a density fixed to be unity. Such a density leads to a cell dimension of 26.36 Å of side. The chemically realistic simulations we are using are limited to rather small simulation boxes if we want to be able to follow the model system over a time range of a few nanoseconds. The system constructed corresponds to a blend of PEO/PMMA with a composition in weight of about 10% of PEO. We have chosen this low-PEO concentration in order to be sure that no clusterization of PEO chains occurs. In any case, as it was mentioned in the Introduction, the experimental results available suggest that the PEO dynamics in the blends hardly depends on the concentration when this is lower than 30% ͓20͔. Therefore, the simulated results are expected to be comparable to those obtained by NS on the 25% PEO-content sample, at least at a semiquantitative level.
Standard minimization procedures ͑Polak-Ribiere conjugate gradients method͒ were applied to the constructed sample in order to minimize the so obtained energy structure, and subsequent dynamics was run for 1 ns in order to equilibrate the sample. The chosen temperature is high enough to allow local structural equilibration of the sample in this time. The system obtained in this way was used as a starting point for collecting data every 0.01 ps during a MD run of 1 ns. As integration method we have used the velocity-Verlet algorithm with a time step of 1 fs. The simulations were carried out in the NVT ensemble ͑that is by means of keeping constant the number of atoms, the cell size and the temperature of the sample͒. However, instead of a real temperature-bath coupling ͑Nose-Hoover or Berendsen thermostats, for instance͒ in order to control the temperature, we have followed a rather crude velocity scaling procedure but allowing for a wide temperature window of 10 K, within which no rescaling is applied. Under these conditions, greater temperature fluctuations are allowed but the trajectory is less disturbed.
In fact, in a previous work ͓44͔ we have checked that by following this simple procedure we obtain results similar to those obtained with a NVE ensemble ͑by keeping constant the sample total energy instead of its temperature͒, which has the proper Newtonian dynamics. After the first collecting data 1 ns MD run, two more successive runs of 2 and 20 ns were carried out, collecting data every 0.05 and 0.5 ps, respectively. Nearly indistinguishable results were obtained from the different simulation runs. Thus, no signature of any aging process was observed during the successive runs, confirming local equilibration of the sample. Subsequently, the constraint previously imposed by choosing the density to be unity was now released by means of tuning its value through a 1 ns long run under NPT conditions, that is by fixing in this case the value of the pressure ͑chosen to be the atmospheric one P = 0.0001 GPa͒ and allowing the cell size to rearrange to the new conditions ͑that is letting the density rearrange since the number of atoms is constant͒. All this was done by means of the Berendsen procedure. The temperature during this 1 ns run was decreased from the initial value of 580 K to a final value of 400 K and the final cell so obtained was found to correspond to a density of 1.080 g / cm 3 with a cell dimension of 25.70 Å of side. At this new temperature the same procedure as before was followed, i.e., during a first 1 ns run the new cell was allowed to equilibrate. Afterwards, a 1 ns run was run collecting data every 0.01 ps. A subsequent 2 ns run was found to be in agreement with this one, and, finally, a 20 ns long run was launched, collecting data every 0.5 ps. Most of the results reported here correspond to the simulation runs at 400 K.
IV. RESULTS
A. Static structure factor
Figure 1 displays an overview of the results obtained for the structure factors of pure PMMA and PEO or PMMA, respectively, in the blend. The data were obtained by polarization analysis and reflect the coherent scattering from the respective samples. The structure factor S͑Q͒ from pure dPMMA ͓Fig. 1͑a͔͒ is characterized by three significant maxima in the Q interval between 0 and 3 Å −1 , distinguishing this material from other polymers, where normally only two peaks are observed. While the high Q peak at Q Ϸ 3 Å −1 is characteristic for many polymers and reflects local intrachain correlations ͓45͔, the two other peaks relate to the polymer packing in the melt. In particular, the low-Q maximum at about Q Ϸ 0.9 Å −1 signifies a rather larger interchain distance of about d Ϸ 2 / Q = 7 Å. This low-Q peak appears again in the hPEO/dPMMA material as the shoulder of the form factor forward scattering ͓Fig. 1͑b͔͒, while it is absent in the dPEO/hPMMA material ͓Fig. 1͑c͔͒. This absence is corroborated by the data from pure hPMMA, where again a low-Q peak is missing. The main structure factor peak in dPEO/hPMMA at around Q = 1.3 Å −1 probably reflects contributions from PEO correlations, which first peak is also located at this Q-value ͓46͔, as well as from the carbons of PMMA-we note that for the protonated sample S͑Q͒ also shows there its main peak ͓see Fig. 1͑a͔͒ .
We further remark that the strong increase of the scattering at low Q in the blend materials reflects the polymer form factor. Finally, we note that in the PEO protonated blend material the fraction of coherent scattering is quite significant ͑see Table I͒. In the Q range Q ജ 1 Å −1 , it amounts to 30%-50% of the incoherent scattering and thus contributes significantly to the total scattering of this sample. On the other hand, for the PMMA protonated sample the respective coherent scattering fraction is much weaker ͑except for small angles͒. Fig. 2 the very strong dispersion of the quasielastic broadening in these spectra is evident. While for Q = 0.16 Å −1 only very weak quasielastic wings may be seen, at Q = 0.56 Å −1 we observe a very much broadened spectrum, indicating a quasielastic width which increases with a strong function of Q.
PEO in the blend
As mentioned already in Sec. IV A in this sample not only the incoherent scattering contribution from the PEO but also the coherent scattering from the PMMA fraction is significant. Therefore, we should comment briefly on the normalization of the data. All spectra were here normalized to a purely incoherent scatterer measured at T = 4 K. Figure 3 compares the outcome of the normalization of the lowtemperature backscattering data from the blend sample with the measured Q-dependent intensity obtained from the diffuse scattering experiment ͓Fig. 1͑b͔͒. In order to compare we have added both the coherent and the incoherent contributions from the DNS experiment. Figure 3 shows that a very consistent normalization of the data could be obtained.
Keeping in mind that the measured intensities from this sample combine contributions from the mobile PEO component and the very much less mobile PMMA component, Fig.  4 displays the QENS results for this blend at 350 K and compares them with the spectra observed for pure PEO. While at small Q ͑Q = 0.56 Å −1 ͒ hardly any broadening of the PEO in the blend spectrum is visible, at the larger Q =1 Å −1 the observed spectrum reveals itself as a combination of an elastic peak-same width as the resolution function-and a broad quasielastic spectrum ͑dashed line͒. Evidently the dynamics of PEO in the blend is very strongly slowed down compared to the pure material ͑we remind that the broadening of the spectra with respect to the resolution function is a measure of the inverse of the average relaxation time͒. FIG. 3 . Momentum transfer dependence of the total intensity scattered by the hPEO/dPMMA sample, the integrated intensities of the 5 K BSS spectra ͑full circles͒ are compared with the addition of the incoherent and coherent intensities measured by DNS at 300 K ͑plus signs͒. Figure 5 displays the spectrum at Q =1 Å −1 for four different temperatures. In each case a well-defined narrow component superimposed on a broad quasielastic spectrum is visible. This quasielastic spectrum broadens significantly with increasing temperature and finally at T = 400 K most of the quasielastic intensity is outside the BSS dynamic window.
PMMA in the blend
As demonstrated in Fig. 1͑c͒ for the dPEO/hPMMA sample, the incoherent scattering from PMMA strongly prevails-only around Q =1 Å −1 a coherent contribution from dPEO is expected. Figure 6 presents results for two different Q values, Q = 1.3 Å −1 and Q = 1.9 Å −1 , at 350 K and 400 K. Again the spectra are characterized by a superposition of a narrow contribution and broad quasielastic wings which become more pronounced with increasing Q and temperature.
C. MD simulations
From the atomic trajectories obtained in the simulation runs and taking into account the different neutron scattering lengths for the different atoms, we have calculated the structure factors ͓Eq. ͑2͔͒ for the two blend samples which were studied experimentally, hPEO/dPMMA and dPEO/hPMMA. The obtained results are presented in the form of the ratio between coherent and incoherent intensities in Fig. 1 in comparison with the experimental results. As the composition of the simulated and real blend samples is not the same, a comparison of the coherent intensities measured and simulated cannot be done in absolute units. Therefore, we have multiplied the simulated results by the appropriate factors ͑0.455 for hPEO/dPMMA and 2 for dPEO/hPMMA͒, in order to match the high-Q range of the experimental curves. After this procedure, we obtain a good agreement between simulation and experimental results, in particular, taking into account that the composition and the temperature are not the same. This means that the packing of PEO chains within the PMMA matrix is well reproduced by the simulated cell. Also the low-Q features revealing the form factor of polymer chains are nicely reproduced by the simulated data although the accessible Q-range is limited in this case to Q ജ 0.4 Å −1 due to the size of the simulated cell. From the atomic trajectories obtained in the simulations we have also calculated the self-part of the van Hove correlation function, G self ͑r , t͒, ͓see Eq. ͑1͔͒ for the different atoms. Since we want to connect with neutron scattering results, we will focus on the results obtained for different hydrogen atoms in the samples. Figure 7 shows the corresponding mean squared displacements, calculated as the second moment of G self ͑r , t͒,
The figure shows separately ͗r 2 ͑t͒͘ corresponding to different hydrogen atoms contained in a protonated blend, PEO hydrogens; main-chain hydrogens of PMMA; ester-methyl group hydrogens of PMMA; ␣-methyl hydrogens of PMMA ͑see chemical formulas in the figure͒. These results correspond to 400 K. Moreover, the values of ͗r 2 ͑t͒͘ obtained for PEO hydrogens at a high temperature of 580 K are also shown for comparison. In this latter case, the behavior of ͗r 2 ͑t͒͘ is what is expected for a glass-forming polymer above the glass transition, after the microscopic regime until Ϸ1 ps, there is a "decaging" region which crosses over to a subdiffusionlike behavior ͗r 2 ͑t͒͘ ϰ t 0.5 ͓47͔. However, at 400 K the ͗r 2 ͑t͒͘ corresponding to PEO hydrogens apparently does not show any decaging regime. A very weak time dependence ͗r 2 ͑t͒͘ ϰ t 0.25 extends from 1 ps to longer times. Only at about 1 ns there is a signature of some kind of saturation ͑localization͒, which seems to break again at the limit of our simulation time. We have checked that this effect is repetitive at different simulation runs and is not an artifact of poor statistics.
On the other hand, the results from the PMMA hydrogens at 400 K do not show any clear indication of a structural relaxation. The mean squared displacement of PMMA mainchain hydrogens only displays a very weak time dependence after the microscopic regime and only at about 2 ns there seems to be an indication of decaging. The same behavior is displayed by the ester-methyl group hydrogens, indicating that the ester-methyl group rotation takes place at this temperature at very short times, below 10 ps. The activation energy for this methyl group is very low ͑about 60 meV͒ ͓48͔ and therefore it can be expected that the dynamics associated with its rotation has characteristic times of the order of some picosecond at 400 K. The ͗r 2 ͑t͒͘ from the ␣-methyl group hydrogens nicely shows the step corresponding to the methyl-group rotation taking place in the time range from Ϸ2 ps to Ϸ2 ns. This qualitative analysis suggests that, at least until about 2-3 ns, the PEO is moving within a more or less rigid matrix of PMMA, which mainly shows very localized motions as methyl-group rotations.
By Fourier transforming the calculated G self ͑r , t͒ the intermediate scattering functions S inc ͑Q , t͒ in Q space have been obtained. Figure 8 shows S inc ͑Q , t͒ calculated for the hydrogens of PEO in the blend at 400 K for several Q values. As usually found in glass-forming systems above T g , the decay becomes more pronounced with increasing Q. However, what is clearly different from the typical behavior observed is that apparently there is no clear separation of the so-called microscopic dynamics from the slower decay attributed to the structural relaxation. Normally, this is manifested as a kink in S inc ͑Q , t͒ at about 2 ps reflecting the cage effect ͑see, e.g., Ref. ͓44͔͒. The correlations here decay in a rather continuous way leading to strongly stretched spectra. We note also the presence of a kind of plateau in the curves in the nanosecond region before the function definitely decays to zero, a feature reflecting the saturation of the ͗r 2 ͑t͒͘-also absent in homopolymers. In this figure we have also displayed the autocorrelation function for the C-D bond vector which is observed by NMR ͓20͔. It almost coincides with S inc ͑Q = 1.4 Å −1 , t͒, though showing an even stronger stretching and a more marked plateau.
Moving to PMMA in the blend, Fig. 9 displays the results for S inc ͑Q , t͒ calculated for the different types of hydrogens at 400 K and different Q values. The main-chain hydrogens in Fig. 9͑a͒ show a first fast decay in the microscopic region, below Ϸ1 ps, followed by a very broad and slow decay. A qualitatively similar behavior is observed for the estermethyl group hydrogens ͓Fig. 9͑b͔͒; in this case, however, the fast decay extends towards longer times, Ϸ10 ps instead of Ϸ1 ps, and leads to more pronounced decays for all Q values. This is because it is partially produced by the rota- tional motion of the ester-methyl group. Finally, for the ␣-methyl group hydrogens a clear three-step decay is observed for S inc ͑Q , t͒ ͓Fig. 9͑c͔͒. After the first fast process below Ϸ1 ps, rather similar to that displayed by the backbone hydrogens, a marked additional decay is observed in the time range between Ϸ2 ps-1 ns. This is a signature of the rotation of this group, that is more hindered than the ester-methyl. We note that the time scale where this process takes place, some hundreds of picoseconds, is relevant for BSS. A third regime evident after Ϸ1 ns leads to a further slow decrease of the correlation function.
Last, in order to facilitate the analysis of the experimental data corresponding to the hPEO/dPMMA sample, we have also computed the coherent scattering function ͑dynamic structure factor͒ corresponding to this system at 400 K. This was evaluated from the atomic trajectories following the socalled "Filon" method ͓49͔, which is a well-known and established procedure. As we have seen, the coherent contribution there is not negligible and impossible to be directly accessed from an experimental point of view. The corresponding results are presented in Fig. 10 for selected Q values in the relevant range for the experimental data. In the BSS window, this function is not completely flat at 400 K and shows a very stretched behavior.
V. ANALYSIS
A. Computer simulations
We will start with the analysis of the simulations results because they will be used as a qualitative guide to analyze neutron scattering data. We will focus our analysis on the time range above some picoseconds, which is relevant for the structural relaxation in glass-forming systems. We note that the BSS window is centered approximately in the 0.04-6 ns region and is sensitive mainly to the dynamics taking place in this interval.
The usual description of the slow decay ͑t Ͼ 2-5 ps͒ of the intermediate scattering function of the atoms in a glassforming polymer is performed in terms of a stretched exponential or Kohlrausch-Williams-Watts ͑KWW͒ function, FIG. 9 . Intermediate incoherent scattering function, S inc ͑Q , t͒, calculated from the MD trajectories for the different hydrogen atoms of PMMA in the simulated blend, main-chain hydrogens ͑a͒, ester-methyl group hydrogens ͑b͒, and ␣-methyl group hydrogens ͑c͒. In the three cases the different curves correspond to different Q values, 0.4, 0.6, 0.8, 1.0, 1.3, 1.5, 1.7, and 1.9 Å −1 ͑top to bottom͒. The solid lines are fits with KWW functions ͑␤ = 0.5͒ of the decays above 10 ps in ͑a͒ and ͑b͒, and with the combination of methyl rotation and KWW ͑␤ = 0.5͒ of the decays above 5 ps in ͑c͒. Insets, Q dependence of the values of these functions at t = 1 ps, S inc ͑Q , t =1 ps͒ ͑a͒ and ͑c͒ and at t =10 ps, S inc ͑Q , t =10 ps͒ ͑b͒. The lines are descriptions in terms of a DWF in ͑a͒ and ͑c͒ and the product of a DWF and the elastic incoherent structure factor I E ͑Q͒ of a methylgroup rotation in ͑b͒. 
DYNAMICS OF POLY͑ETHYLENE OXIDE͒ IN A BLEND
Here ␤ is the stretching parameter describing the shape of the relaxation function ͑0 Ͻ ␤ ഛ 1͒ and w the relaxation time which may depend on Q and T. The amplitude A͑Q͒ is a generalized Debye-Waller factor ͑DWF͒ or Lamb-Mössbauer factor ͑LMF͒ accounting for the first fast decay of S self ͑Q , t͒,
where ͗u 2 ͘ is the mean-squared displacement associated to the fast decay step.
It turns out that this description cannot be easily applied in the case of the hydrogens of PEO in the blend. As an example, Fig. 8 shows the fits delivered by Eq. ͑6͒ for two Q values. The resulting values for the shape parameter ␤ are in the range 0.15-0.3, very low compared to what is usually found in polymeric systems ͑␤ = 0.4-0.5͒ ͑see, e.g., Ref.
͓50͔͒. In addition, such fits lead to unphysical amplitudes well above 1, up to 4, mainly in the high-Q range. In fact, the values of the amplitudes tend to increase with increasing Q, which is contrary to the behavior of a real DWF ͓Eq. ͑7͔͒. The proper amplitude could be estimated from, e.g., the value of S inc ͑Q , t͒ at t = 1 ps. A Debye-Waller factor taken in such a way yields a value of ͗u 2 ͘Ϸ0.84 Å 2 ͑see inset in Fig.  8͒ , which is very reasonable for a polymeric system at such high temperature ͓51-53͔. Moreover, we note that the KWW description fails at long times ͑beyond Ϸ1 ns͒, where a kind of plateau seems to develop. All these findings imply that the response function of PEO in the blend cannot be easily described by a stretched exponential. On the other hand, the observation of a broad response function agrees with the NMR data reported in Ref. ͓20͔, which were analyzed in terms of Eq. ͑6͒ without knowing the amplitude. Taking into account the simulated data of the C-D reorientation function, which is measured by NMR, one can realize that if one imposes realistic amplitudes on the fit, a limited quality of the KWW description is obtained also for that reorientational function.
We now turn to the results of PMMA in the blend. First, the broad slow decay after Ϸ2 ps for the backbone hydrogens and after Ϸ10 ps for the ester-methyl group hydrogens is very stretched-almost logarithmic-until about 1 ns, and followed by a steeper time dependence ͑see Fig. 9͒ . By restricting the fitting range to 10 ps-10 ns for both kinds of atoms, an analysis in terms of KWW functions with a common value of ␤ = 0.5 is possible ͓see Figs. 9͑a͒ and 9͑b͔͒ , though the quality of the description is rather limited for the main-chain atoms.
Concerning the hydrogens of the ␣-methyl group, we have seen that after the microscopic dynamics and the methyl-group rotation, S inc ͑Q , t͒ at 400 K also shows a clear indication of an additional decay-methyl-group rotation should give rise to a constant value at long times, as will be shown below. As the ␣-methyl group is directly linked to the main chain, one can expect that the ␣-methyl hydrogens also participate in the main-chain motions. In this situation, a good approximation ͓54͔ is to consider that both kinds of motions are statistically independent, i.e., the ␣-methyl hydrogens simultaneously rotate and participate in the overall segmental dynamics. This translates into a product of the corresponding intermediate scattering functions,
The incoherent scattering function for the rotational motion, S inc rot ͑Q , t͒, can be derived in the following way: Let us assume a hydrogen in a methyl group rotates with a characteristic rate ⌫. ⌫ varies with temperature according to an Arrhenius law,
where ⌫ ϱ is a preexponential factor and E A the activation energy for the rotation. The scattering function for such motion is
where the elastic incoherent structure factor I E ͑Q͒ ͑usually called EISF͒ carries the information about the geometry of the particular motion involved. For a rotational jump between three equivalent positions, it is given by
͑r HH = 1.78 Å, distance between the hydrogens͒. It is well known that the disorder inherent to the amorphous state leads to the appearance of distributions of rates in glassy systems. This ingredient was introduced by the so-called rotation rate distribution model ͓55,56͔, which considers as a first approximation a log-Gaussian distribution of hopping rates
⌫ is the width of the distribution centered at ⌫ 0 . Thus, the final scattering function for a hydrogen undergoing rotation in a methyl group in a glass forming system, S inc rot ͑Q , ͒, is built by adding the scattering functions of the hydrogens located in the different environments weighted by the distribution function,
The incoherent scattering function for segmental motion S inc seg ͑Q , t͒ has the functional form describing the slow decay of the main-chain hydrogens. We have used a KWW function ͓Eq. ͑6͔͒ with ␤ = 0.5. In the range of applicability of this model function ͑after the fast microscopic decay͒ the achieved description of the MD-simulation results is excellent, as can be appreciated in Fig. 9͑c͒ . From the fit, a value of ⌫ 0 = 4.45 eV and a width of ⌫ = 0.58 decades are found. Figure 11 compares the KWW characteristic times w obtained for the three atomic species. The Q dependence of w in all cases can be described by a power law w ϰ Q − , with values of in the order of 2. We have also deduced the values of ͗u 2 ͘ in the DWF from the Q dependence of S inc ͑Q , t͒ after the first decay. For main-chain and ␣-methyl hydrogens we find rather similar values ͑0.25 and 0.35 Å 2 , respectively͒ from S inc ͑Q , t Ϸ 1 ps͒ ͑see insets in Fig. 9͒ . In the case of the ester-methyl hydrogens, as the librational dynamics and the rotation are not well separated in time, we have taken the value of the correlation function after the global decay in the microscopic region ͑10 ps͒ and fitted to the product of a DWF ͓Eq. ͑7͔͒ and the elastic incoherent structure factor I E ͑Q͒ ͓Eq. ͑11͔͒ for methyl-group rotation. A good description of the data is found ͓see inset in Fig. 9͑b͔͒ , corroborating that the decay is due to such a combined dynamics. A higher value of 0.55 Å 2 for ͗u 2 ͘ is obtained. Finally, in the time range relevant for our BSS experiments it is also possible to describe the coherent scattering function of the hPEO/dPMMA at 400 K by means of the same functional form ͓Eq. ͑6͒ with ␤ = 0.5͔ ͑see Fig. 10͒ . The obtained time scales mirror the Q dependence of the static structure factor ͓see Fig. 1͑b͔͒ and are in the same range as the time scales determined from the KWW descriptions of the various self-correlation functions. We note that motions leading to the same initial and final atomic configurations, as the methyl-group rotations, do not contribute to quasielastic coherent scattering. Therefore, an average of the time scales for only segmental motion of the hydrogens of PMMA in the blend can be considered as a good approach to the coherent contribution in the hPEO/dPMMA sample.
B. Neutron scattering
The neutron scattering spectra were fitted with a numerical convolution of a theoretical function and the instrumental resolution function ͓see Eq. ͑3͔͒.
Analysis of pure PEO
The spectra from pure PEO were described in terms of the Fourier transformed stretched exponential ͓see Eq. ͑6͔͒. Free fits of ␤ lead to an average ␤ value of 0.44 for the different Q's and temperatures. This value is close to the expected ␤ of the Rouse model ͑␤ = 0.5͒ ͓57͔. This model treats the dynamics of a Gaussian chain in a heat bath ͓58͔. Thereby, it implicitly assumes that on the considered length and time scales only entropic restoring forces drive the dynamics. S inc Rouse ͑Q , t͒ is described by a KWW with ␤ = 0.5 and a characteristic time
with W =3k B T / ᐉ 2 the elementary Rouse frequency. W is the ratio of the entropic force, 3k B T / ᐉ 2 , and the friction coefficient . ᐉ 2 is the mean-square segment length. We thus fixed ␤ = 0.5 for describing our spectra. As can be seen in Fig. 2 they are well represented by this function. We note that at high Q, the fast dynamics of PEO leads to a vanishing intensity in the BSS window and, as a consequence, data at Q Ͼ 0.56 Å −1 were disregarded. The KWW relaxation time, w , and an amplitude factor ͓A͑Q͒ in Eq. ͑7͔͒ were varied. Figure  12͑a͒ displays the Q and temperature dependent w times. The strong decrease of w with increasing Q follows very well the Rouse prediction ͓Eq. ͑14͔͒ for the three temperatures investigated. From the results obtained for w we can deduce the T-dependent Rouse frequencies Wᐉ 4 through Eq. ͑14͒. They are displayed in Fig. 12͑b͒. 
Dynamics of PMMA in the blend
The spectra from the sample dPEO/hPMMA reveal the dynamics of PMMA in the blend, through the self-motions of its hydrogens. The lowest temperature experimentally investigated, 350 K, is close to the T g of the blend, Ϸ335 K ͓7͔. Therefore, it is expected that the quasielastic broadening cannot relate to any PMMA backbone motions but only to localized processes. As suggested by the MD simulations at 400 K, these would be the ␣-methyl rotations and then we might write the total incoherent scattering function as
where n e , n MC , and n ␣ are the relative abundances of hydrogens in the ester-methyl, main chain, and ␣-methyl, respectively, and S inc rot ͑Q , ͒ is the Fourier transform of Eq. ͑13͒. Here we are assuming that the DWF is the same for all kinds of atoms and the rotations of the ester-methyl are already very fast and therefore, their contribution has decayed down to the elastic level dictated by the EISF ͓I E ͑Q͒ in Eq. ͑11͔͒. Apart from the DWF A͑Q͒, the free parameters in this model are ⌫ 0 and ⌫ . We can even fix the value of ⌫ by using additional independent information from the librational peak. Existing inelastic measurements on the density of states of PMMA containing a deuterated ester-methyl group ͓60,61͔ locate the first librational level of the ␣-methyl at 43 meV, which translates into a mean activation energy of E A 0 FIG. 11. Momentum transfer dependence of the characteristic times obtained from the fit of the scattering functions calculated from the MD simulations by means of KWW functions with ␤ = 0.5 ͑see text͒, incoherent scattering function for main chain ͑empty circles͒, ester-methyl ͑empty squares͒, and ␣-methyl hydrogens ͑empty diamonds͒ of PMMA in the blend and coherent scattering function for the hPEO/dPMMA sample ͑crosses͒. The results obtained for the segmental motion of PMMA in the blend from the experimental data of the dPEO/hPMMA sample ͑see text͒ are displayed as full squares for comparison.
= 290 meV. The width of this peak ͓61͔ reveals a width of E Ϸ 39 meV for the underlying distribution of activation energies, that implies via the relation
a value of 0.56 for ⌫ ͑T = 350 K͒. Under these assumptions, the fit of Eq. ͑15͒ to the spectra at 350 K leads to very good agreements, as can be appreciated from Figs. 6͑a͒ and 6͑b͒. The obtained value for ⌫ 0 is 4.37 eV, corresponding to a characteristic time of rot =3/͑2⌫ 0 ͒ = 226 ps. At 400 K the description of the spectra by Eq. ͑15͒ fails. Using the values determined from Eq. ͑9͒ and Eq. ͑16͒ for the ␣-methyl rotation corresponding to 400 K, ⌫ 0 ͑T = 400 K͒ = 14.5 eV and ⌫ ͑T = 400 K͒ = 0.49, too narrow functions are obtained ͓see dotted lines in Figs. 6͑c͒ and 6͑d͔͒. Even leaving these parameters floating, a satisfactory fit is not achieved. Thus, the need to introduce an additional dynamical process becomes evident, as it was also found in the simulations at the same temperature. In a parallel way, we have assumed that the additional dynamics can be described by a KWW function in the time domain with a ␤ value of 0.5, and that the ␣-methyl rotation and this slower process are statistically independent ͓Eq. ͑8͔͒. We note that the product in Eq. ͑8͒ translates into the convolution of the respective functions in the frequency domain. As experimentally we cannot distinguish the different kinds of hydrogens in our sample, the same time scale and DWF are assumed for all of them. As can be seen in Figs. 6͑c͒ and 6͑d͒, this approach allows to a very good description of the experimental data, and provides the Q-dependent characteristic times, w , that would be an average of the characteristic times for segmental motion corresponding to the different kinds of hydrogens in PMMA. The obtained values follow a power law in Q with an exponent close to −3 and are plotted in Fig. 11 .
Apart from the interest of the analysis of PMMA dynamics in the blend, we note that these results will be of help for the analysis of the data of the hPEO/dPMMA sample, in particular for the characterization of the coherent contribution. In the low-T regime below and around 350 K, the only active process of PMMA in the BSS window is the ␣-methyl group rotation. As mentioned above, this is not visible for coherent scattering and therefore, the coherent contribution should be elastic in such temperature range. On the other hand, at 400 K the additional motion observed for PMMA in the blend should lead to quasielastic coherent scattering. This is strongly supported by the MD simulations, that suggests that we could use the KWW average component for segmental dynamics of PMMA as a good approximation for the coherent contribution in the hPEO/dPMMA sample at this high temperature.
PEO in the blend
In the hPEO/dPMMA sample, the main contribution is coming from hydrogen atoms of the PEO component and is incoherent. From the previous MD-simulation results, we know that the dynamics of PEO in the blend should be faster than the other contributions ͑dominated by the coherent contribution͒. Thus, we may define a general expression for the total scattering function as
S inc H,PEO and S slow ͑Q , ͒ are given by the proper DWF ͓A͑Q͔͒ multiplying the respective normalized scattering functions
Due to the large number of parameters involved-note that the structure factor might also change with temperature-we may assume that both DWF are the same and that the cross sections can be fixed as those determined from DNS at 300 K. In order to account for possible small deviations from these hypotheses we introduced a fitting parameter f PEO describing the relative amount of the PEO scattering intensity compared to the total intensity, 
͑20͒
Basing on the experimental results of PMMA in the blend, as well as the simulation results, we can approximate slow ͑Q , ͒ by ␦͑͒ for T Ͻ 400 K and at 400 K, it will be the Fourier transform of a KWW function with ␤ = 0.5. Taking into account that no significant broadening can be observed in the low-Q range, the analyses were performed in the range above Q = 0.4 Å −1 . In a first approach, we choose the Fourier transform of a KWW function for inc H,PEO ͑Q , ͒. At 300 K, a fit with free ␤ parameter leads to a good description of the data with a Q-independent ␤ Ϸ 0.32, and a reasonable small decrease of the associated DWF with ͗u 2 ͘Ϸ0.26 Å 2 . For the stretching parameter ␤ a systematic tendency to increase with increasing temperature was revealed by the fits. As a maximum value we limited ␤ to that of pure PEO ͑␤ = 0.5͒ at 400 K and we interpolated linearly at intermediate temperatures ͑see Table II͒ . In this way, we obtained satisfactory fits of the experimental data. For the scattering fraction f PEO we found values which at maximum deviated by 18% from its theoretical value of f PEO = I inc H,PEO / I total . The slight increase found for f PEO at T Ͼ 300 K can be due to several reasons, a change of the structure factor, different temperature dependencies for the DWF's, or possibly small quasielastic contributions of the coherent scattering could be accounted for by the fast PEO component in the fitting procedure. Considering the last possibility as rather likely, at 400 K we fixed f PEO to its theoretical value, assuming that the Fourier transform of the KWW function in S slow ͑Q , ͒ fully accounts for such a quasielastic contribution. We point out that, with this treatment, the DWF shows the proper Q dependence. The average characteristic times, ͗͘ = w ⌫͑1/␤͒ / ␤, obtained for the fast and also for the slow component at 400 K are displayed as a function of Q in Fig. 13 . It can be observed that the relaxation times corresponding to PEO in the blend increase with decreasing temperature and that the time scale of this component is located in between those of pure PEO and PMMA in the blend at 400 K. For the slow component, we note the excellent agreement with the relaxation times obtained from the analysis of PMMA in the blend; this finding strongly supports the consistency of our treatment at 400 K. Concerning the Q dependence, it is interesting to remark that the relaxation times related to the fast PEO component have some tendency to flatten at high-Q values. Now let us focus on the low-Q spectra ͑Q ഛ 0.32 Å −1 ͒. Even at T = 400 K, these spectra are elastic ͑see Fig. 14͒ . On the other hand, if the PEO would undergo large scale relaxation ͑Rouse dynamics͒ we would expect also some quasielastic broadening at smaller Q. Taking Fig. 13 and comparing the values for pure PEO and PEO in the blend at 400 K, we may estimate that at the smallest Q's, where both data reveal quasielastic signals, the difference is about one order of magnitude in time. According to de Gennes ͓62͔ the quasielastic relaxation time for the Rouse relaxation of the pair correlation function is given by
while that for the self-correlation function is given by Eq. ͑14͒. Using the result for pure PEO at 400 K, where we found Wᐉ 4 = 14 200 Å 4 / ns, we would predict a relaxation time for the pair correlation function at Q = 0.32 Å −1 of coh = 0.24 ns. For PEO in the blend the dynamics is at most one order of magnitude slower. From that we estimate coh Ϸ 2.4 ns. For the next smallest Q = 0.24 Å −1 this estimate becomes coh ͑Q = 0.24 Å −1 ͒ = 7.6 ns. Similarly the correlation times for the self-correlation function may be estimated to inc ͑Q = 0.32 Å −1 ͒ = 1.9 ns and inc ͑Q = 0.24 Å −1 ͒ = 6.0 ns. Us- 13 . ͑Color online͒ Q dependence of the average time, ͗͘, obtained from the fit of hPEO/dPMMA by a KWW and an elastic contribution at 300 K ͑squares͒, 325 K ͑circles͒, 350 K ͑crosses͒, 375 K ͑triangles͒ and two KWW functions at 400 K ͑diamonds; empty, fast component; full, slow component͒. The corresponding results when a log-normal distribution is used for the fast component are shown by the lines. Full squares represent the characteristic time for segmental dynamics of PMMA in the blend at 400 K obtained from the fit of the dPEO/hPMMA spectra ͑see Sec. V B 2͒. Full circles show the values obtained for ͗͘ for pure PEO at 400 K.
ing the results obtained from the polarization analysis at Q = 0.32 Å −1 and Q = 0.24 Å −1 the pair correlation function contributes to 65% and 75%, respectively, to the observed spectra. With this information we may predict the Rouse relaxation function at the different Q values. They are included in Fig. 14 and very clearly for both momentum transfers a significant broadening of the quasielastic spectra would be predicted.
Obviously, the dynamics observed at higher momentum transfers does not persist towards low Q. Thus, it must be spatially confined by the more or less rigid PMMA structure.
Seeking for further evidences of localization for PEO in the blend, we have scrutinized the self-part of the van Hove correlation functions, G self ͑r , t͒ ͓Eq. ͑1͔͒, obtained from our MD trajectories of PEO hydrogens at both 400 K and 580 K. These are displayed in Fig. 15 for different times between 5 ps and 16 ns. At high temperature ͑580 K͒, the radial selfcorrelation function 4r 2 G self ͑r , t͒ shows ͓see Fig. 15͑a͔͒ the typical behavior previously obtained for different homopolymers above the glass-transition temperature ͑see, for instance, Ref. ͓44͔͒. As time evolves, this function broadens and the maximum moves towards higher values of r. This is just the behavior expected for diffusivelike dynamics. However, at 400 K, the behavior of 4r 2 G self ͑r , t͒ is qualitatively very different, in particular at longer times ͑t տ 1 ns͒ where a double peak structure develops ͓see Fig.15͑b͒ ; note that the scale of the x axis is different from that in Fig.15͑a͔͒ . This could in principle indicate a heterogeneous-two populations-behavior. Moreover, the second maximum hardly moves with time between 1 ns and 16 ns, suggesting that the atomic motions are localized, at least in this time regime. From the position of such a peak we can estimate a distance for these localized motions in the range of 6 Å to 8 Å. These findings strongly support again the idea that this localized motion regime is a consequence of some localization of the PEO chains created by the PMMA matrix ͑a real cage effect͒. This is in agreement with the results obtained by the Rouse analysis of the neutron measurements on the real sample. The cage effect will likely break only on a time scale where the PMMA matrix starts to relax.
Analysis in terms of distribution functions:
The observation of elastic spectra at small Q and 400 K, as well as the MD-simulation results, strongly suggest the confined character of the PEO dynamics in the blend. To account for this, it is more appropriate to approximate the fast component in Eq. 
͑the distributed Lorentzian functions are the Fourier transforms of the exponential decays in the time domain͒. The f PEO parameter in Eq. ͑20͒ was fixed to the results obtained from the previous analysis in terms of stretched exponentials. In the case of 400 K, the quasielastic broadening of the slow component was fixed to the values independently obtained from the analysis of the dPEO/hPMMA sample. As we observed that the width parameters did not depend significantly on Q, they were kept constant to the average values obtained for each temperature ͑see Table II͒ . The solid lines in Fig. 5 show some representative fitting curves at Q = 1.02 Å −1 and different temperatures and we note the good description of the experimental data. Again, it is worthy of remark that the DWF follows a consistent evolution from 300 K to 400 K, leading to the values for ͗u 2 ͘ shown in Table  II . In Fig. 13 , we have plotted the resulting characteristic times, compared with the results obtained from our first approach. Because of the large uncertainties for the fits at low-Q values at 400 K, the corresponding times have been omitted. It is noteworthy that the use of a log-normal distribution for the fast PEO component, instead of one KWW function, leads to time scales shifted towards slower times. The temperature dependent distribution functions obtained at Q = 1.02 Å −1 are shown in Fig. 16 .
VI. DISCUSSION
A. Pure PEO
As we have shown in the analysis section ͑Fig. 12͒, the characteristic times observed from our pure PEO sample over the entire Q regime follows well the w ϰ Q −4 power law associated with the entropy driven Rouse dynamics of polymer chains in the universal regime, where topological constraints are not yet active. We note that, other than for most polymers ͓50͔, the Rouse regime appears to be valid up to Q values of Q Ϸ 0.6 Å −1 , indicating very flexible chains. For many polymers the Rouse Q −4 power law is only observed for Q ഛ 0.2 Å −1 ͓e.g., polyisobutylene ͑PIB͒, poly͑vinyl ethylene͒ ͑PVE͒, polyisoprene ͑PI͒, etc.͔ ͓47,50,63-65͔. Beyond that, the so-called intrachain viscosity effects limit the Rouse behavior towards smaller length scales ͓63͔. These are dissipative processes related, e.g., to rotational transition effects inducing deviations from the universal Q −4 regime. The observation of a Rouse regime extending up to Q Ϸ 0.6 Å −1 sets PEO in the same rows as poly͑dimethyl siloxane͒ ͑PDMS͒, where also very little intrachain friction was found ͓64͔. 
B. PEO in the blend with PMMA
The single most important finding of this work is the direct observation of very heterogeneous confined dynamics of the low-T g material in the high-T g blend matrix. Before we allude to the significance of this observation we first like to go through the different pieces of information which led to this picture. We started our evaluation with the standard approach used in glass-forming polymers, namely with a description of the observed spectra in terms of KWW functions. These fits resulted in very small stretching parameters in particular at low temperatures ͑␤ Ϸ 0.3͒ which increased with increasing temperature indicating very broad distributions of the relaxation times. In glass-forming polymers in general the shape of the relaxation function characterized by the stretching exponent ␤ is reflected in the Q dispersion of the relaxation times, w ϰ Q −2/␤ ͓66,67͔. This law signifies the validity of the Gaussian approximation and can be interpreted in terms of an anomalous diffusion process as the mechanism behind the ␣ process. For PEO in PMMA this shape/dispersion relation is grossly invalidated, indicating the non-Gaussianity or heterogeneity of the system.
The dynamics, however, is not only heterogeneous but moreover confined in space. This was revealed from the FIG. 16 . Temperature dependence at Q = 1.02 Å −1 of the lognormal distribution obtained for PEO in the blend at the temperatures indicated.
missing broadening of these spectra measured at small Q values ͑Q ഛ 0.32 Å −1 ͒. Even a very conservative estimation of the quasielastic linewidth which is to be expected from an extrapolation of the higher-Q data ͑Fig. 14͒ would have predicted significant broadenings of the low-Q spectra, which were not observed. Thus, the presence of the hardly moving PMMA matrix, which below 335 K-the average T g of the blend-is completely frozen, leads to the creation of little pockets of mobility where the PEO can move. From the Q value, where this effect appears ͑Q ഛ 0.3 Å −1 ͒ a characteristic size of these mobility pockets of about ᐉ conf Ϸ / Q Ϸ 1 nm may be estimated. We note that a real space evaluation of the computer simulation data suggests qualitatively a similar scenario.
The confined character of the motion together with the non-Gaussianity of the relaxation function suggested the description of the spectra in terms of log-normal distributions instead of stretched exponentials. The excellent results of this approach ͑see Fig. 5͒ underlines the appropriateness of this approach.
As can be seen in Fig. 16 , the resulting distribution functions shift with increasing temperatures to shorter times and at the same time become narrower. It is interesting to note that the flank corresponding to the slower times of this distribution is much more strongly shifting with temperature than the shorter times counter part. Obviously, there appear to be PEO segments which are very much less affected by the confinement than others which need to be much more activated in order to move. Figure 17 displays the temperature dependence of the characteristic times corresponding to these distributions. The full circles characterize the average distribution times, 0 , while the upper and lower triangles display the times connected with the slow and fast side of the log-normal distribution functions shown in Fig. 16 . The dotted line displays the result from the 2 H NMR ͓20͔ while the dashed line gives the 1 H NMR results ͓7͔. Finally, the open circles present the average relaxation times obtained from pure PEO. The comparisons of Fig. 17 are revealing. The short-time flank of the distribution functions appears to relate to those PEO segments, which are embedded in an environment very similar to that of pure PEO. Here the dynamics is nearly quantitatively identical. On the other hand, the very good agreement of the 2 H NMR results with those from the long time flank of the distribution function indicates that this technique appears to be most sensitive to the slowly moving deuteriums, an observation which in a similar way holds also for the 1 H NMR data. The fast moving segments apparently are subsumed in the amplitude factors which in the NMR studies were related to librational and other types of fast dynamics.
We now compare the experimentally determined relaxation time distribution functions with the outcome of the MD simulations. For that purpose we have performed an inverse Laplace transformation ͑ILT͒ of the simulated spectra ͑CONTIN analysis, see e.g., Ref. ͓68͔ and references therein͒. Figure 18 displays the results for Q =1 Å −1 . Three different regimes are revealed. At short times ͑ Ͻ 1 ps͒, a narrow peak evolves relating to the librational and vibrational dynamics which occurs in the subpicosecond regime. We note that this peak is not moving with Q. Second, in the time regime between nanoseconds and picoseconds a broad double peak is observed relating to the segmental relaxation processes. Finally, at even longer times some further structure appears which is related to the break of the "confinement effect" ͑plateau͒ shown by the S inc ͑Q , t͒ at the edge of the simulation time. Due to this reason, this breaking ͑and thereby the longest-times peak of ILT͒ needs to be confirmed by longer simulations. Figure 18 also includes the fitted lognormal distribution function for the segmental relaxation times as obtained from the data fit of a spectrum at T = 400 K and Q =1 Å −1 . Furthermore, a corresponding distribution function relating to a stretched exponential obtained from the same spectrum is also shown. Both, concerning its position as well as its width, the experimental distribution function agrees very well with the simulated time distribution function. On the other hand, the distribution function corresponding to the stretched exponential relaxation develops a tail well into the regime of microscopic times, which is unphysical. By construction, the experimental data that were obtained by a fit of one log-normal distribution function cannot reveal the double peak structures seen from the simulations. Given the narrow experimental window, such an observation could also not have been expected. However, the different temperature dependences observed for the two flanks of the log-normal distribution could be a signature of such an underlying double structure.
C. PMMA in the blend with PEO
At the temperatures investigated, the most pronounced feature in the dPEO/hPMMA spectra in the mesoscopic time scale covered by BSS is the ␣-methyl rotation. The agreement found for the parameters characterizing this dynamics ͑time scales as well as the width of the distribution functions͒ obtained from the experimental and the MDsimulations data is beautiful, even taking into account that the concentration of PEO in the blend is different for the simulated and the experimental sample ͑see Fig. 19͒ .
Concerning the additional dynamics superimposed at 400 K, we first note that the time scales found for main-chain and ␣-methyl hydrogens from the simulations are very close to each other, strongly supporting the assumption of statistically independent motions for ␣-methyl hydrogens. The estermethyl hydrogen slow dynamics is also rather close to the main-chain motions ͑only a factor 4 is found between both time scales͒. This indicates a strong coupling of the sidegroup dynamics with the overall segmental dynamics. The slightly faster motion of the ester-methyl hydrogens might reflect that the side group is also involved in other additional motion as, e.g., those leading to the pronounced ␤ relaxation in this polymer ͓69͔. A higher mobility of the hydrogens of this methyl group is also found in the microscopic region, as reflected by the higher value obtained for ͗u 2 ͘. Now, considering the experimental results, a shift in the absolute scale with respect to the MD-simulations results is observed, that might be due to the different compositions of the real and simulated samples. On the other hand, the power laws obtained for the characteristic times are very similar in all cases and reveal much weaker Q dependencies than that characteristic for Gaussian behavior ͑ w ϰ Q −2/␤ ͒. As commented above, this can be considered as a natural consequence of the heterogeneous character of the blend.
We note here again the excellent agreement found for the time scale associated to the additional slow dynamics as obtained from the independent analysis of the dPEO/hPMMA and hPEO/dPMMA samples. This coincidence is nontrivial and evidences the consistency of the overall approach followed in this work. On the other hand, in Fig. 19 we compare the value for this time scale at Q =1 Å −1 with dielectric results on the same blend ͓13͔. Also in this case, as usually observed in glass-forming polymers ͓70͔ at this Q value the incoherent relaxation times match the relaxation results. At 400 K ͑Ϸ65 K above the average T g of the blend͒ the dielectric spectrum reflects what is usually called the merged ␣␤ process, and this is seemingly also the process revealed by our neutron scattering spectra. Finally, we note that at 350 K the maximum of the dielectric losses is still located at sufficiently slow times to be observed by BSS, even taking into account the width of this kind of processes ͑see as reference in Fig. 19 the width reported for pure PMMA at 350 K in Ref. ͓69͔͒. It is worth also remarking about the huge difference found for the mobility of the two components in the blend in the high-Q range where both could be characterized ͑Q ജ 1 Å −1 ͒, more than 3 orders of magnitude separate the time scales for PEO and PMMA in the blend at 400 K.
We finally comment on the comparison of our results with those published by Sakai et al. ͓21͔ on a similar blend ͑dPEO/hPMMA with 20% of PEO͒. In that work the backscattering data obtained in the T range 308 K-490 K were Fourier transformed to the time domain and analyzed in terms of a single KWW function. At Q Ϸ 1 Å −1 the time scale deduced for 405 K is rather close to the value we obtain for the segmental motion of PMMA. However, the Q dependence obtained is weaker ͑ϷQ −2 from that work͒. This can be due to the fact that they did not take into account the ␣-methyl rotation in their data analysis procedure.
D. On the role of computer simulations in the evaluation of data from complex systems
Atomistic MD simulations reveal the time-dependent trajectories of all atoms in a sample and contain in principle the same information as a quasielastic or inelastic neutron scattering experiment which addresses the space-time correlation functions again connected to the trajectories of all atoms of a FIG. 19 . Arrhenius plot for the position of the maximum of the distribution of relaxation times max for PMMA in the blend obtained in this work, ␣-methyl rotation ͑full square, BSS; full triangle, MD simulations͒ and additional slower relaxation at Q =1 Å −1 ͑full circle, BSS͒. They are compared with data from the literature, inverse of the dielectric loss maxima ͑open circles, pure PMMA; crosses, 25%PEO/75%PMMA͒ ͓13͔ and ester-methyl rotation for PMMA ͑solid line on the bottom͒ ͓48͔. The widths of the associated distributions of relaxation times ͑half-maximum͒ are indicated by the vertical lines ͑for the dielectric spectra of pure PMMA at 350 K the data are taken from Ref. sample. While it is also possible in a scattering experiment to highlight certain classes of atoms by partial hydrogenation or deuteration, in a simulation the contribution of each class of atoms can be directly evaluated. Furthermore, a real space analysis of the van Hove correlation functions may permit direct evidence on the spatial extent of motion. In a complex system with many different atoms, MD simulations therefore can be an invaluable tool, in order to disentangle the complex experimental spectra which always contain contributions from many different types of atoms.
In this work the simulations corroborated the key experimental observations, ͑i͒ the confined nature and heterogeneity of the dynamics of the PEO component; ͑ii͒ it allowed to identify the PMMA dynamical contributions to the central component in the hPEO/dPMMA spectra; ͑iii͒ it revealed the predominance of the ␣-methyl group motion for the PMMA dynamics, and ͑iv͒ it also showed very well the nonappropriateness of stretched exponentials for the characterization of the PEO dynamics; ͑v͒ finally, due to their much larger dynamic range the simulations strongly supported and assured the interpretation of the experimental results which unavoidably were based on a small experimental observation window. Thus, in the study of complex dynamics, MD simulations facilitate a much more profound and deep data interpretation than what would be possible without their support. As recent examples on this potential we can mention, ͑i͒ the identification of the finite jump length associated to the subdiffusive motion in the ␣ relaxation as the source of deviations from Gaussian behavior in homopolymers ͓52,71͔ and ͑ii͒ the unraveling of dynamic heterogeneities inherent to the chemical structure in a polymer with side groups as PVE ͓72͔.
E. What did we learn?
We have shown that the blending of two miscible polymers with very different glass-transition temperatures leads to a complete decoupling of the local segmental dynamics of the fast component from that of the low T g matrix. The phenomenon occurs on a length scale of about 1 nm and may be interpreted in terms of small PEO enclosures within the still frozen or very little mobile PMMA matrix. Certainly this length scale may vary with concentration of the fast component. Beyond this length scale the large scale dynamics of the fast component is strongly slowed down. This is both revealed by the experimental low-Q spectra, as well as by the real space evaluation of the simulations.
We suggest that the dynamical decoupling between the low and high T g component in the neighborhood of the average glass-transition temperature of the blend including confinement effects in terms of mobility pockets is a more general phenomenon. If, in a miscible blend, the two component glass-transition temperatures are different enough, at the glass-transition temperature of the blend the overall matrix freezes but the faster component is still active. In this situation, for the dynamical behavior of the low-T g component, we could expect a crossover from a glass-forming liquidlike behavior at high temperature towards some kind of confined behavior at low temperature. This crossover should take place around the glass-transition temperature of the blend, and should manifest as a deviation from the high temperature ͑T͒ dependence ͑non-Arrhenius͒ towards some kind of Arrhenius-type behavior ͑signature of confinement͒ at low temperatures. In fact, this kind of crossover was already observed by dielectric spectroscopy for the dynamics of PVME in blends with PS and with high concentration of PS ͓19͔. In that presentation the observed crossover was interpreted in terms of confinement effects and a confinement length of about 1 nm was suggested. Similar dielectric results have been obtained in other systems as PVME/ poly͑o-chlorostyrene͒ and PS/poly͑phenylene oxide͒ ͓73͔.
For PEO/PMMA, because of the extremely large ⌬T g , the difference in segmental dynamics around the blend glass transition temperature is particularly large and therefore, its observation came into the window of neutron scattering techniques allowing a space-time scrutiny of the underlying dynamics. Similarly also computer simulations were feasible. A direct evidence of confinement is thereby obtained by these methods.
Although confinement effects are more evident for blends with a high concentration of the high-T g component, they could also affect the dynamics of the low-T g component in blends with different concentrations and large ⌬T g . The reason is that due to concentration fluctuations, some regions within the blend can experience very high local concentrations of the high-T g component. Therefore, even when the bulk concentration of the high-T g component is not very high, the dynamics of the low-T g component could deviate from the expected liquidlike equilibrium behavior as the temperature decreases towards the average glass transition of the blend. This may be one of the reasons of the very large differences in the segmental dynamics at low temperature in large ⌬T g miscible blends. For instance, in the 50%/50% PI/PVE blend close to the glass-transition temperature of the blend of T g Ϸ 228 K the component dynamics differ by more than 3 orders of magnitude. It is worthy of remark that these nonequilibrium effects are not taken into account by any of the existing models for blend dynamics.
